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Hatching Avian Eggs in the Laboratory 
Increasing numbers of biology proj-
ects involve the incubation of eggs, 
either for hatching or for embryolog-
ical studies. It is highly desirable to 
have a good knowledge of incubation 
practices and procedures for conduct-
ing such experiments. 
People who are not primarily con-
cerned with hatchability problems 
frequently pay little attention to some 
of the important factors associated 
· with incubation which have a definite 
influence on developing embryos, and 
therefore, hatchability. 
The purpose of this paper is to ac-
quaint researchers and biology teach-
ers with hatchability problems and in-
cubation techniques. While the dis-
cussion is primarily devoted to the 
incubation and hatching of chicken 
embryos, most of the points will be 
applicable to other avian species. The 
following topics are discussed: 
1. Hatching eggs - securing and 
care 
2. Temperature of the incubator 
· 3. Humidity level during incuba-
tion 
4. Turning of eggs during incuba-
tion 
5. Gaseous environment during in-
cubation 
Dr. Arora is associate professor of bi-
ology at Drake University. His research in-
terests are in the area of genetics and 
developmental biology, particularly in the 
investigation of "Genetic and Environmental 
Factors Influencing the Development of 
Vertebrate Embryos." 
DR. KASHMIR! L. ARORA 
Drake University 
6. Incubator operations 
7. Candling of incubated eggs 
8. Maintaining incubation records 
9. Emerging of a chick from the 
shell 
10. Care of baby chicks 
11. Reasons for a poor hatch 
12. Incubation periods in different 
avian species 
13. Sources of incubators and in-
cubator parts 
1. Hatching Eggs-Securing and Care 
Fertile chicken eggs are available 
throughout the year and can usually 
be purchased from a local hatchery 
or from a poultry farm that has roost-
ers with their laying hens. It must be 
remembered, however, that the eggs 
available in your grocery stores are 
not fertile and will not hatch. Egg 
producers supplying eggs to grocery 
stores do not keep roosters with the 
hens. 
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In urban areas, the securing of 
hatching eggs may present a prob-
lem. In that case, it is suggested that 
the individual should contact the 
local county agricultural agent or 4-H 
club agent. The cost of one dozen 
fertile eggs may range from sixty 
cents to one dollar. Eggs of uniform 
size, shape, color, and good quality 
should be selected. Eggs from cer-
tain species of birds such as quail 
are delicate and have a fragile shell. 
Careless or frequent handling may 
produce cracks in the shells. Cracks 
( which are sometimes difficult to de-
tect particularly in colored shells) 
may lead to dehydration and death 
of the embryo. Care should also be 
taken in handling the eggs to avoid 
excessive jarring. 
Eggs from a good commercial stock 
are about 90-95 per cent fertile, but 
hatcheries expect about 75-80 per cent 
hatchability of eggs they set to hatch. 
However, in small school incubators, 
one should µsually expect one chick 
to hatch out of every two or three 
eggs incubated. 
If eggs are not to be incubated im-
mediately after obtaining from the 
, laying source, they should not be 
held longer than one week. The de-
velopmental potential of the blasto-
derm declines as the storage period 
is extended beyond one week. Be-
sides the extended holding period, 
the temperature and the level of hu-
midity of the atmosphere in which the 
hatching eggs -are held have an im-
portant effect on the viability of the 
blastoderms, Viability of the embryo 
will also be affected if the eggs are 
left at room temperature ( 23 to 25°C) 
even for two to three days. 
Although the blastoderms will not 
exhibit appreciable gross develop-
ment until the environmental temper-
ature reaches 80°F (about 27°C), the 
cellular activity in the blastoderms 
continues under temperatures far be-
low this temperature. This continued 
cellular activity during storage, 
though at a reduced level, is known to 
be detrimental to the subsequent de-
. velopment of the embryo. On the 
other hand, the eggs held at 32°F for 
three days lose their ability to hatch. 
The control of humidity in the stor-
age place is also very essential. The 
smalle_r the loss of water from the 
egg, the better it is for subsequent 
embryonic growth and hatchability. 
Evaporation of water from eggs dur-
ing storage can be prevented by keep-
ing eggs in air-tight bags ( Cryovac or 
Polyethylene). A temperature of 55°F 
(about 13°C) and a relative humidity 
of 70 to 80 per cent are considered 
to be ideal storage conditions for hold-
ing hatching eggs for a week or so. 
The eggs can be held safely for a 
few days in the vegetable section of 
a refrigerator, with their large ends 
up in a closed carton or a covered egg 
case. Turning of eggs during the per-
iod of storage may be beneficial if 
the eggs are held longer. This is to 
prevent the yolk from sticking to the 
side of the shell. 
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When using stored eggs, it is sug-
gested that the eggs be held at room 
temperature for about twelve hours 
after removing from the storage room, 
during which time the blastodermal 
cells will gradually return .to the me-
tabolic level which must exist before 
they can participate in normal de-
velopment. 
2. Temperature of the Incubator 
Following oviposition, the develop-
ment of the early embryo (blasto-
derm) slows down considerably and 
does not resume until a few hours 
after the beginning of incubation. Al-
though embryonic development may 
be initiated over quite a wide range 
of temperatures, it only proceeds to 
a normal completion (hatching stage) 
within a comparatively narrow range. 
Deviation of temperature even a few 
degrees from optimum is harmful for 
the development of embryo. Both in-
crease and decrease in temperature 
during the course of incubation is 
damaging to the embryo and may 
lead to embryonic mortality or dis-
proportionate development of certain 
organs and structures ( abnormali-
ties). 
Under high incubation tempera-
tures, the development of the embryo 
is accelerated to a certain extent. This 
is accompanied by an excessive loss 
of water from the eggs which may 
cause the death of the embryo due to 
dehydration. Lower incubation tern~ 
eratures, on the other hand, may 
cause a delay or decrease in the rate 
of development. If incubation at low 
temperatures continues beyond a cer-
tain time, irreparable damage may 
ensue which results in malformation 
or death of the embryo. It has been 
observed in chicken eggs that at 34-
350C. incubation temperature, nearly 
all the embryos die in the shell and 
at 30°C., no embryos survive beyond 
the fourth day of incubation. Over-
hea,ting is much more critical than 
underheating; a rise of 2°C. above 
optimal incubation temperature pro-
duces more drastic effects on the em-
bryos than a corresponding fall of 
2°c. 
The optimal temperature level nec-
essary during incubation depends u~ 
on the type of incubator being used. 
In forced-draft incubators ( fitted 
with fans to circulate air), the temp-
erature should be maintained at about 
99-100°F. This temperature is con-
sidered an optimal incubator tempera-
ture and is widely used in the poultry 
industry. In still-air incubators, the 
temperature range of 100-103°F. at 
the center of the incubator has been 
found satisfactory. If heat is applied 
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at one place in the incubator ( cone-
type resistance unit), then a small 
fan must be used to distribute the 
heat uniformly. If light bulbs are 
used, they should be well distributed 
so as to warm the eggs as uniformly 
as possible. 
3. Humidity Level During Incubation 
In addition to an optimal incuba-
tion temperature, a suitable humidity 
is also very essential for the uniform 
development of the avian embryo. 
For best results, neither temperature 
nor humidity should vary much from 
the optimum. Although the optimum 
level of humidity during incubation 
has not been determined satisfactor-
ily, good results have been achieved 
with a relative humidity between 60 
and 70 per cent. For chicken eggs, 
about 60 per cent relative humidity 
is recommended for the first eighteen 
days and about 70 per cent during the 
last three days of incubation. Pheas-
ant eggs require a higher level of hu-
midity at the beginning rather than 
towards the end of incubation, where-
as the reverse appears to be true for 
chicken and quail eggs. 
Under normal conditions, a loss of 
10-12 per cent in the weight of an 
egg (primarily due ,to loss of moist-
ure) is expected during the course of 
incubation. Excessive loss, however, 
is detrimental. In a very low relative 
humidity, :there is considerable eva~ 
oration of water from the egg con-
tents and the shell membranes and 
other embryonic sacs become unusual-
ly dehydrated. As a result, the normal 
metabolic activities and respiration of 
embryo may suffer interference re-
sulting in the death of the individual. 
Embryonic mortality is also observed 
when the relative humidity is too 
high. The shell membranes and outer 
shell surface become unusually wa-
tery and this, in tum, may interfere 
with gaseous exchange through the 
shell. 
The fault most commonly encoun-
tered in small school type incubators 
is too much ventilation and too little 
moisture which then dries the eggs 
excessively, resulting in delayed or 
reduced hatching. Adequate humid-
ity may be provided by an open pan 
of water placed in the incubator. The 
pan should be large enough to cover 
more than half of the area of the bot-
tom of the incubator. The incubator 
should not be opened oftener than is 
necessary. 
4. Turning of Eggs During Incuba-
tion 
Turning of eggs during the course 
of incubation is essential, particular-
ly after the first two days of incuba-
tion. Immobility causes the abnormal 
adhesion of embryonic and extra-em-
bryonic structures to the shell mem-
branes and ultimately leads to re-
tardation, developmental abnormali-
ties, and embryonic death. Eggs 
should be turned at least two or three 
times daily until the last three to four 
days when the eggs should not be 
moved. Turning can be accomplished 
either manually or by an automatic 
turning device. More frequent turn-
ing ( five or six times a day) is pre-
ferred, however. It is also a good idea, 
in the case of small incubators, to 
move the eggs to different parts of 
the tray each time the eggs are turned. 
This is done to allow for any varia-
tion in temperature that may be pres-
ent in different parts of the incuba-
tor. In small incubators, turning of 
eggs can be done either of two ways: 
( 1) the eggs are marked on one side 
and laid in the incubator with marked 
side up at one time and down the 
next time the eggs are turned, or ( 2) 
the eggs may be placed in egg car-
tons with their small ends down. To 
tum the eggs, the carton may be tilted 
alternately from one side to the other. 
The position of the egg in the tray 
is also important. The eggs may be 
incubated either large ends up or on 
their sides. Under no circumstances 
should the small end of the egg be 
higher than the large end. The em-
bryo head must occupy a position in 
the large end of the egg ( near the air 
sac) for proper hatching. 
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5. Gaseous Environment During In-
cubation 
An adequate supply of oxygen is 
essential for normal development of 
the embryo. Oxygen enters the egg 
through the shell pores and the car-
bon dioxide is eliminated in the same 
manner. The best hatching results are 
obtained with 21 per cent oxygen in 
the air. This is the oxygen level in 
the air (atmosphere). Early embryos 
are very susceptible to reduced as 
well as to increased oxygen tension. 
Under normal conditions, it is diffi-
cult to get excess, but a deficiency of 
oxygen is easily produced. Oxygen 
levels below 18 per cent tend to re-
duce hatchability quite proportionate-
ly to the decrease in the oxygen con-
centration. Very low oxygen tension 
during incubation is teratogenic. With 
respect to carbon dioxide, the em-
bryos will be able to tolerate a level 
of 0.5 per cent but all emr>vos will 
die if this level reaches 5 per cent. 
Toxic fumes from substances such 
as formaldehyde, turpentine, ammon-
ia, etc. are harmful to the embryo. 
The incubator should be located in a 
place where an adequate exchange of 
fresh air is possible through the vents. 
6. Incubator Operatwns 
a. Location of the incubator: Since 
the incubator is not well insulated 
and wm be opened frequently when 
eggs are turned, it is desirable for the 
incubator to be located in a room in 
which the temperature is between 70 
to 80°F. Do not place the incubator 
near cold walls or near windows 
where it may be exposed to the di-
rect rays of sun which, in turn, may 
raise the temperature, particularly 
during the summer, so that all the 
embryos may be destroyed. 
b. Readying the incubator for oper-
ation: Before you set the eggs, be 
sure the incubator is clean and in 
good working order. It is advisable 
that the incubator be preset by oper-
ating it, without eggs, for at least 
twenty-four hours or more in order 
to be sure that it regulates its temp-
erature properly and enough humid-
ity is maintained. Make frequent 
temperature readings. You may need 
many adjustments to reach a proper 
setting. There should be adequate 
openings (vents) on the sides of the 
incubator to permit exchange of fresh 
air. Make certain that the sides and 
the top of the incubator fit closely 
so that no heat is lost. 
c. Final stages of incubation: After 
the seventeenth day, the chicken eggs 
should not be turned, and the incu-
bator should not be opened frequent-
ly. Increase the level of humidity in 
the incubator. Chicks will start to 
pop the shell around the nineteenth 
day. All chicks which are going to 
hatch should be breaking the shell 
by the twenty-first day. The chicks 
which do not hatch by the twenty-
second day are usually not healthy 
and vigorous. The commercial poultry 
men consider these chicks · as culls 
and they are never saved. Do not re-
move the chicks from the incubator 
until they are completely dried. 
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d. Cleaning the incubator: The in-
cubator should be scrupulously clean 
before and after its use. As soon as 
the hatch is completed, the incubator 
should be disconnected. The chicks, 
broken shells, and unhatched eggs 
should be removed, and the incuba-
tor cleaned with soapy water with a 
sponge or a cloth. It should be per-
mitted to air dry for several days by 
leaving the door open. The incubator 
will then be ready for use or storage. 
Cleaning operation can be made a 
little easier if you put a layer of 
cheesecloth under the eggs at least 
two or three days before they are due 
to hatch. After the chicks have been 
removed, the soiled cheesecloth con-
taining debris and broken shells can 
be discarded. 
7. Candling of Incubated Eggs 
Candling of incubated eggs is a 
very important step in incubation 
studies. It helps not only in deter-
mining the fertility of eggs but also 
helps, during the course of incuba-
tion, in separating live embryos from 
dead ones. Fertility of incubated eggs 
is determined usually after four or 
five days of incubation. Egg candlers 
may be purchased commercially or 
may be made at home. A simple, in-
expensive, and satisfactory candler 
can be made from a small shoe box 
or any box of this size made from 
wood or tin, etc. A sixty-watt bulb 
is mounted inside the box. A small 
hole of one inch diameter is cut in 




A homemade candler. An opening in the 
side is merely to show the location of the 
bulb. 
Candling is done in a darkened 
room with egg held before a light 
that penetrates the egg and makes it 
possible to observe the contents. It is 
easier to see through white shells 
than colored shells. While candling 
the egg is held with large end against 
the hole in the candler while rotating 
the egg slightly to right and left. This 
moves the contents of the egg and 
throws the yolk closer to the shell. 
Removing eggs from the incubator 
for candling does not harm embryos 
although it does slow down the rate 
of development if eggs are held out-
side for long periods. Do not hold the 
eggs out of the incubator for more 
than five to ten minutes. Candle the 
eggs every few days to observe the 
growth and viability of the embryos. 
What you will see while candling de-
pends upon the viability and age of 
the embryo: 
a. Infertile eggs: The eggs appear 
clear except for a shadow from the 
yolk. Light passes through the egg 
uninterrupted. · 
b. Live embryos: It is difficult to 
see much with respect to embryonic 
development, until three or four days 
of incubation (longer for colored 
shells). Thereafter a small reddish 
area somewhat opaque with blood 
vessels, some large and some small 
ones extending away from it, will be 
visible in fertile eggs ( Figure 2). This 
Figure 2 
A live embryo after 
4-5 days of incuba-
tion. 
Figure 3 
A dead embryo after 
4-5 days of incuba-
tion. 
is the embryo floating on the top of 
yolk. Motion of the embryo may also 
be noticeable. As the incubation ad-
vances the egg will appear dark ev-
erywhere except for a large air sac 
in the broad end of the egg. A dim 
outline of the embryo can be ob-
served especially in eggs with light-
colored shells. At his time movement 
of the embryo may not be appreci-
ated. 
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c. Dead embryos: If the eggs are 
candled during the first two or three 
days of incubation, it will be diffi-
cult to distinguish early dead embryos 
( where the embryos have almost de-
composed) from that of infertile eggs. 
If the embryo died following four or 
five days of incubation, the dead em-
bryo will exhibit complete or partial 
absence of blood vessels radiating out 
of embryo and a circular line of blood 
along the periphery of area vascu-
losa. ( Figure 3). The size of this de-
pends upon the age of the embryo 
at the time of death. During the last 
few days, the dead embryos are diffi-
cult to distinguish from live ones. 
8. Maintaining Incubation Records 
The incubation project will give the 
student an experience in keeping ex-
perimental records. Proper records 
should be maintained with respect to 
temperature of the incubator, turning 
of eggs, adjustment of the tempera-
ture, pertinent dates, source and 
specification of the material, breed 
and age of the hens providing the 
eggs, or any other data or observation 
pertinent to the experiment. For keep-
ing records of fertility and hatchabil-
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9. Emerging of a Chick from the 
Shell 
It is interesting to watch the hatch-
ing of a chick. Incubators with glass 
covers or windows are useful for this 
purpose. Between the fifteenth and 
sixteenth day the developing chick 
orients itself along the long axis of 
the egg with its head lying near the 
air sac at the large end of the egg. 
The head is turned under the right 
wing with the beak pointed toward 
the air sac. On about the nineteenth 
day the chick pushes its head for-
ward and the beak penetrates the in-
ner shell membrane. At this time the 
chick's lungs begin to function, but 
complete lung breathing does not oc-
cur until the twentieth day. 
Using its egg tooth ( a tiny, sharp, 
horny projection on the top of the 
beak), the chick pecks at the shell 
until it pips through and begins to 
use air from the outside ( Figure 4). 
After making this opening, the chick 
may rest for several hours. The extra-
embryonic membranes begin to dry 
and the chick turns slowly inside, 
continually pecking on the shell ( us-
ually in a counter-clockwise direc-
tion). At the same time it is pushing 
on the egg cap ( large end) until fin-
ally the cap breaks free. The chick 
emerges, wet and panting ( Figures 
5 and 6), whereupon it lies motion-
less for some time, as though ex-
hausted and in need of recovery from 
exertion. After a few hours it is dry 
and fluffy and can rise to its feet and 
gain coordination of its muscles ( Fig-
ure 7). 
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10. Caring for Baby Chicks 
When the hatched chicks are to be 
kept for further study, you must be 
Figure 4 
Chicks pipping through the shell. 
Figure 6 
Newly emerged chicks appear wet and 
motionless. 
fully prepared in advance for their 
care and management. Feeding and 
watering of baby chicks requires very 
careful attention. Remove the chicks 
from the incubator soon after they ap-
pear dried and fluffed up and trans-
fer them to a brooder where they have 
access to a temperature of 90 to 95°F. 
Following the first week, the temper-
ature should be reduced by about 
five degrees each week until the temp-
erature reaches 75 to 80°F. Heated 
brooders are preferable, but an ordi-
nary light bulb may be used satis-
factorily. Depending upon the size 
of the colony, ordinary packing cases 
( from grocery stores) of suitable 
sizes can be used as brooders. A bulb 
of 100 to 150-watts power should be 
fixed about one to one-and-a-half feet 
21 
Figure 5 
Emerging quail chick. 
Figure 7 
Fully dried quail chicks appear fluffy and 
show coordinated movement. 
above the floor providing a tempera-
ture of 90 to 95°F. The bulb should 
be lowered if the temperature is low 
( chicks will crowd together under 
the lamp if temperature is low) or 
raised if the temperature is high 
( chicks will move to outer edges of 
confinement if temperature is too high 
for the birds ) . 
Although the newly hatched chicks 
can live up to forty-eight hours with-
out food ( because some unused yolk 
is taken into the body before hatch-
ing) , it is advisable that they should 
be fed and given water within forty-
eight hours. The feed ( starter feed) 
can be purchased from most feed or 
farm supply stores. For the first sev-
eral days, the feed can be placed on 
the paper. Later it may be placed in 
Ill JII ..... l 
Figure 8 
Cages used in Drake University Laboratory for keeping chicks for experimentation. 
a fingerbowl or any other suitable 
container. 
Baby chicks are very sensitive to 
chills and drafts during the first few 
days of post-natal life; therefore, 
proper care is necessary to sustain 
them and help maintain their body 
temperature. They should be pre-
vented from wetting themselves with 
water and drowning. Chicks will 
drink from any shallow pan, but the 
use of a chick waterer ( available from 
farm supply stores ) will prevent their 
falling into the water. After three or 
four days, the chicks are capable of 
drinking water from an open bowl. 
Water and feed should be available 
to the chicks at all times. 
After the completion of the ex-
periment, the disposal of chicks in a 
satisfactory manner may present a 
problem. A simple and humane meth-
od of disposal is to place the chicks in 
a tight container, pour enough ether 
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or chloroform on a sponge or cloth, 
and place it in the container and then 
close it for ten to twenty minutes. It 
is suggested that this part of the op-
eration be done in the presence of an 
adult individual. 
11. Possible Reasons for a Poor Hatch 
Poor hatchability may result due 
to any one or more of the following 
reasons: 
1. Incubator temperature too high, 
too low, or too variable. 
2. Low level of humidity in the in-
cubator during early stages of 
incubation. 
3. Infertile eggs. 
4. Weak embryos. Mostly they die 
during early stages of incubation. 
5. Improper care of eggs prior to 
incubation. Holding too ·long be-
fore incubation or storage in an 
atmosphere that is too warm or 
too dry. 
6. Insufficient turning of eggs dur-
ing incubation. 
7. Improper ventilation or location 
of incubator at a wrong place. 
8. Contamination of eggs or inade-
qu~tely cleaned incubator. 
9. Malpositions · .. ( abnormal posi-
tions) . The chick normally has 
its head under its right wing. Ab-
normal positions hinder the 
hatching process and may cause 
the death of the embryo. 
10. Poor shell quality of the eggs 
used. 
12. Incubation Periods for Different 
Species of Birds 
The following are the approximate 
incubation periods for different spe-
cies of birds: 
Chicken . . 
Turkey . . . . . ... . 
Duck 
Muscovy Duck 
Geese ..... . . . . . . . . . 



















13. Sources of Incubators and Incu-
bator Parts 
Ready-made incubators of different 
sizes are available from commercial 
sources .. There should be some deal-
ers in your locality. Following is a 
list of some of these sources: 
American Lincoln Incubator Com-
pany 
645 Somerset St., New Brunswick, 
New Jersey 
Brower Mfg. Company 
Quincy, Illinois 
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Fleet Mfg. Company 
P.O. Box 649, Glendale, California 
General Biological Supply House 
8200 South Hoyne Ave., Chicago, 
Illinois 60620 
G. Q. F. Mfg. Company 
Savannah, Georgil!. . 
Lyon Rural Electric Company 
P.O. Box 30, San Diego, California 
92112 
Montgomery Ward & Company 
Chicago, Illinois 60607 
National Agricultural Supply Com-
pany 
Fort Atkinson, Wisconsin 53538 
Sears Roebuck & Company 
Chicago, Illinois 60607 
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